1.
Introduction 2 Scientists have often been considered, in the notion of Albert Einstein, as people who try to escape the "real world" by hiding in the ivory tower of science. However, in the last few decades basic science has become increasingly regarded as important for innovative progress in modern economies and so acceptance of this view has become less widespread among policy makers. Numerous empirical examples have
shown that interaction of researchers performing basic science with firms of innovative industries such as biotechnology, nanotechnology or advanced materials can be very fruitful for economic development (Landes, 1998) . It has been shown that firms' innovative and economic performance is positively related to their link to the academic sector (Zucker et al., 2002) . Firms may draw considerable benefits-in terms of generating innovative ideas and increasing R&D output-from cooperation with academic partners as well as from employment of skilled personnel possessing academic work experience (Herrara et al. 2009; Agrawal, 2006) .
As awareness increases that basic science bears the potential to create technological and economic opportunities, policy as well as scholarly debate increasingly focuses on career switches of basic scientists to the private sector and processes of academic entrepreneurship (Dietz and Bozeman, 2005) . Prior research has
shown that the importance of inputs from basic science -and thus the demand for academic personnel -varies considerably between industries and different academic disciplines (Marsili, 1999; Salter and Martin, 2001) . It should, therefore, not be surprising that scientists in disciplines such as chemistry, engineering, and law switch to jobs in the private sector more frequently than scientists in humanities (Martinelli, 2001 ). Empirical analyses of scientists' job migration into the private sector mainly adopted the firm perspective and focused on the impact of scientific skills in already existing firms (Subramaniam and Youndt, 2005; Vinding, 2006) or the importance of scientific expertise and human capital for academic entrepreneurship (see e.g. Shane, 2004; Etzkowitz, 2002; Shrader and Siegel, 2007) . What has been more or less entirely neglected in these studies is scientists' incentives to work in the private sector. One of the rare exceptions is a study by Stern (2004) which shows that the majority of scientists who were offered jobs with higher wages in the private sector declined and remained in their publicly financed "ivory tower". This result raises a question about the determinants of scientists' motivation to stay in the ivory tower or to leave for employment in private firms. Why should scientists consider private sector employment or entrepreneurship as an attractive career opportunity? This question is quite important not only for our understanding of the transfer of academic knowledge into the commercial sector but also for policy measures trying to promote this type of knowledge transfer. A comprehensive picture of job mobility between science and industry requires an understanding of scientists'
incentives and motivation to work in the private sector.
This paper aims to shed more light on the determinants driving scientists' appeal to work in private sector firms or to start their own venture. We analyze the extent to which scientists' attractiveness to switch to the business sector is determined by the commercial potential of their research, their research environment, and their experience in commercialization of scientific results, while controlling for personal and socio-demographic characteristics. Thus, we contribute to the understanding of scientists' perspective of knowledge transfer and the potential of scientists' willingness to work in the private sector.
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Examining the potential for job migration may also help us to understand why knowledge transfer by job migration is rather common and, while relevant in some disciplines, is of much lesser importance in others. This will allow policy and transfer institutions to target that group of individuals which is relatively open towards job migration into the private sector.
The empirical analysis of our study is based on a sample of scientists working at research institutes of the German Max Planck Society (MPS). The mission of researchers of the MPS is to perform excellent basic research in the various fields of life science, natural science, mathematics, technology, and computer science as well as in the social sciences. As the entire budget is publicly funded, there is no pressure on scientists to perform contract research or cooperate on projects with private firms. Therefore, scientists' interest in continuing their professional career in the private sector is not influenced by formal settings, which qualifies MPS scientists as a suitable sample to investigate scientists' individual incentives to work in the private sector.
Our results suggest that scientists who work in fields with commercial orientation see a relatively high appeal to start their own firm or to work in the business sector. Commercialization experience through patenting does not influence the attractiveness to work outside academia. However, experience in research cooperation with private firms is positively related to scientists' assessment on the attractiveness of working in a private sector firm. Personal characteristics such as nationality, possession of a tenured work contract, and a positive attitude towards risk are found to have significant influence on the attractiveness of work outside academia as well. Moreover, in comparison of determinants of entrepreneurial attractiveness and early entrepreneurial activity (nascent entrepreneurship) we find some considerable differences. While a scientist's assessment of entrepreneurial attractiveness is highly influenced by the respective field of research, the effect of the research field on nascent entrepreneurship is rather weak. Moreover, commercial research output 
2.
Commercial research and its influence on scientists' appeal to leave academia
Linking science to industry via job flow: Literature overview
Connecting basic science and the private sector has become a focal point of economic and research policy debate since the 1990's. It is widely acknowledged that high-quality basic research leads to positive economic benefits by creating technological opportunities through invention and by providing new methodological skills and novel research results to businesses in the private sector (Pavitt, 2000; Mansfield, 1998 Mansfield, , 1995 . With increasing recognition of basic science as an important source for industrial innovation, academic literature increasingly focuses on the manner in which important scientific insights should be efficiently transferred to the private sector in order to stimulate firms' innovative productivity. In this context, several studies examine different knowledge transfer channels and concluded that the most important transfer mechanisms comprehend personal interaction of academic scientists with employees of private firms (see e.g. Agrawal and Henderson, 2002; Cohen et al. 2002; Pavitt, 1998 (Pavitt, 1998; Rosenberg, 1990) . Following this line of reasoning, scholars and policy makers have devoted increasing attention to mobility of researchers from the public science to the private sector as important mechanisms of knowledge transfer. Thereby, job flows of scientists to the private sector are regarded via two distinct paths, namely, academic entrepreneurship and scientists' decisions to switch to existing private sector firms.
Previous studies of scientists switching to private sector employment particularly focus on the firms' perspective. Firms are shown to benefit from employing scientists in at least two ways. First, private firms' innovation processes may rely on the specific knowledge of scientists, particularly when innovations are radical rather than incremental (Koch and Strotmann, 2008) . If the development of innovative new products builds upon prior academic inventions, the probability of firms successfully transforming the academic inventions in marketable products when employing the academic inventor(s) may even increase (Agrawal, 2006) . Second, even without exploiting the specific knowledge use of scientific inventors, firms may benefit considerably from the general abilities of academic scientists. Almeida et al. (2003) argue that hiring researchers represents an opportunity for firms to obtain state-of-the-art knowledge and trained personnel.
Accordingly, Herrara et al. (2009) and Vinding (2006) show that firms' R&D productivity increases with the share of former academic scientists.
Literature on scientists' incentives to move to the private sector is scarce and has hardly accounted for the nature of their research and their ties to industry. Studies analyzing the mobility of scientists mainly focus on the completion of a doctoral degree as a natural career point for switching to the private sector in Europe (see e.g. Mangematin, 2000; Laafia and Simpson, 2001) . While American Ph.D. students tend to stay in academia, only roughly one out of ten German doctoral students becomes a professor in later career stages (Schomburg and Teichler, 2006) . The few studies examining determinants of scientists' choices for switching career tracks focus on institutional settings as determinants for job migration. Bozeman and Gaughan (2007) , for example, detect that scientists who have an industry-sponsored research contract are more likely to accept positions in the private sector afterwards. Gaughan and Robin (2004) compare the influence of science policies in the U.S. and France but do not find evidence that different science policy systems influence scientists' likelihood to switch to the private sector. The latter studies, while providing useful insights, do not focus on the individual scientists as the unit of analysis.
Therefore, our understanding of scientists' motivation to switch from public science to private sector employment is still rather limited.
Prior literature on academic entrepreneurship highlighted that start-up companies founded by academic scientists are often based on scientific inventions (Wright et al. 2007) . From a policy perspective, such innovative start-ups have frequently been described as important drivers of economic growth in the spirit of Schumpeter (Wennekers and Thurik, 1999) as they establish new markets or market niches. Many innovative start-ups which manage to survive the crucial first years have the ability to grow rapidly and make a significant economic impact (Zucker et al. 2007 ). However, entry into innovative industries is relatively risky as innovative start-ups are more likely to fail (Audretsch, 1995; Fritsch, Brixy and Falck, 2006) . Therefore academic entrepreneurship is a rather risky career option for scientists. Studies dealing with the question of which scientists become entrepreneurs often highlight the importance of scientific expertise and management skills (Phan and Siegel, 2006; Toole and Czarnitzki, 2009 (Narin et al. 1997 ); the electronics industry, which relies on academic knowledge in physics (Godin, 1996) ; and the petroleum industry that closely cooperates with earth scientists (Klevorick et al., 1995) . As such industries are relatively closely related to basic science, it is unsurprising that university-industry research cooperation is most prevalent in such fields (Hall et al. 2003) .
In this line of reasoning, job migration of academic scientists is found to be most frequent in those areas of research which promise to have commercial potential. Scientists working in fields such as engineering, information technology or biotechnology tend find it easier to obtain a job in the private sector (Martinelli, 2001 H1a: Scientists' perception that their own or related research has commercial potential is positively related to attractiveness to scientists of working in the private sector.
H1b: Scientists' perception that their own or related research has commercial potential is positively related to attractiveness to scientists of starting their own company.
Apart from the potential influence of the commercial orientation of their research, scientists' appeal of working outside academia may also be shaped by the respective attitudes of their colleagues. If scientists'
institutional peers see working in the private sector as relatively attractive, scientists may be likely to adopt a similar attitude. This may be the case for two reasons. First, the appeal to their peers of working in the private sector represents an indicator for the commercial orientation of research performed in the respective institute. As research at institutes commonly follows a specific research agenda, the distribution of science orientation towards business needs and academic entrepreneurship is highly skewed (Shane, 2004) .
Pronounced levels of entrepreneurial activity and commercialization efforts by scientists have been found in only a rather small share of research institutions and schools (Charles and Conway, 2001; Wright et al., 2007) . These results indicate that scientists' attitude toward entrepreneurial activity is at least partly dependent on the entrepreneurial orientation of their research institutes.
A second reason why peers' attitudes may relate to an individual's assessment of the attractiveness of working in the private sector is that linkages of colleagues to private sector firms may serve as social ties that facilitate the building-up of personal relations to these firms (Granovetter, 1995) . Examining labor mobility of business school graduates, Dobrev (2005) provides evidence of individuals directing their careers toward companies in which fellow alumni already worked.
Thus, attitudes about labor market choices may well be adopted from peers. In the context of commercialization activities of scientists, several studies have detected that the commercialization behavior of scientists' peers influence their own commercialization behavior.
According to Stuart and Ding (2006) , scientists are more likely to become entrepreneurs if peers at their institute are involved in commercial science. Similarly, Bercovitz and Feldman (2008) show that organizational influence stimulates the entrepreneurial activity of scientists as scientists tend to learn to adopt the behavior of peers.
Though not mutually exclusive, we assume that both aforementioned potential influences lead to a positive relationship between institutional peers' appeal toward working in the private sector with the respective attitude of an individual scientist. We predict such a positive relationship in hypothesis H2a. Assuming that such a relationship also holds in the context of venture creation, hypothesis
H2b predicts that scientists' appeal of entrepreneurial activity is positively related to the respective attitude of institutional peers.
H2a: The attractiveness of working in the private sector of scientific peers is positively related to individual scientists' attractiveness of working in the private sector.
H2b: The attractiveness of becoming entrepreneurs of scientific peers is positively related to individual scientists' attractiveness of becoming entrepreneurs.
Hypotheses on the relationship between scientists' experience in commercializing research and their appeal to work in private ventures
Successful commercialization of scientific research results may stimulate scientists' appeal to work in the private sector. When scientists commercialize research results, they need to link their findings to industrial needs (Perkman and Walsh, 2007) . Being aware of such potential, scientists with commercial research output may be more inclined toward private sector employment than their counterparts which have no such experience in commercialization, as they are aware of parallels between public science and private sector demands.
One channel to commercialize research findings is patenting.
Toole and Czarnitzki (2009) Research collaboration with firms can particularly increase scientists' awareness of the usefulness of their individual skills and knowledge in the private sector (Thune, 2007) and may thereby stimulate their job mobility. We therefore predict that experience in research cooperation with private firms is positively related to scientists' attractiveness of working in the private sector (H4a).
Experience in research cooperation with private firms may also have a positive effect on scientists' appeal to start their own company. Agarwal et al. (2004) describe the ability to evaluate the commercial potential of research results as market-pioneering knowhow. Combined with technological knowhow it is the key capability necessary to seize market opportunities. Similarly, Colombo and Grilli (2005) identify that the combination of scientific-technical and industry-specific knowledge is essential for founders in new technology-based firms. Thus, we hypothesize that experience in research cooperation with private firms is positively related to scientists' attractiveness in starting their own company (H4b).
H4a: Experience in research cooperation with private firms is positively related to scientists' attractiveness to work in the private sector.
H4b: Experience in research cooperation with private firms is positively related to scientists' attractiveness to start their own company. Altogether, these companies presently employ circa 2,260 people.
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Data generation: The Max Planck Scientist Survey
Our data is based on a survey conducted in MPS institutes between mid-October and mid-December of 2007. Before performing the survey, we contacted the executive directors of each institute to obtain permission to interview the scientists. In order to compare our models of entrepreneurial attractiveness with models predicting new business formation, we relate our analysis to a prior study by Krabel and Mueller (2009) analyzing nascent entrepreneurship within the same sample. Nascent entrepreneurship is a concept introduced by the American Panel Study of Entrepreneurial Dynamics (Reynolds et al., 2004) . Accordingly, scientists were classified as nascent entrepreneurs if they were engaged in any activity associated with starting a business on the day of the interview. These activities may include applying for public or private financing, seeking venture capital, writing a business plan, looking for office space, or forming a founding team. Therefore, the dependent variable was dichotomous, indicating whether the scientist is involved in start-up activities (coded as 1) or not (coded as 0) (see Krabel and Mueller, 2009 , for details).
Covariates
According to our hypotheses as outlined in section 2 we include the following information about the nature of a scientist's research, institutional effects and commercialization experience into the model.
• Variables take a value of 1 if scientists belong to the respective research section and are otherwise coded with a value of 0.
• Institutional influence: Two variables capture the potential influence of peers on the attractiveness of working in the private sector and of entrepreneurship. One of these variables captures the mean entrepreneurial attractiveness stated by colleagues working at the same institute. We excluded the respective scientists' own assessment from this computation to ensure that the variable measures only the assessment in the working environment and not the respondent's own evaluation. In the same manner, we computed the mean attractiveness of working in the business sector at each institute, again excluding scientists' own evaluation.
• Commercialization experience: Two binary variables indicate whether or not a scientist has experience in research cooperation with private firms and whether or not scientists have ever applied for a patent (yes = 1; no= 0). These two variables allow us to investigate our predictions that commercialization of scientific results relate to scientists' attractiveness of jobs outside academia.
• A number of further variables were included that potentially influence the attractiveness of working in the private sector and of staring one's own firm. Our control variables include information on scientific position, perception of open science, and work history as well as personal and demographic variables.
• Doctoral degree: In order to control for differences between Ph.D.
students and senior researchers with doctorate degrees, we include a binary variable assuming a value of 1 when a scientist has already obtained a doctorate and a value of 0 to indicate that a scientist has not yet completed a doctoral degree.
• • (Shane and Stuart, 2002) . To control for such effects, a variable is included denoting the number of years worked in the private sector.
• Personal and socio-demographic characteristics: Our empirical models also account for gender, age, nationality and individual risk attitude. The measure of risk aversion is adopted from the SocioEconomic Panel in Germany (Wagner et al., 2007; Dohmen et al., 2005 to pursue an academic career.
Sample characteristics
As interviewed scientists were allowed to skip any specific question, the following analysis is restricted to 2,331 scientists who answered all questions pertaining to our variables of interest. The following sample characteristics are subsequently reduced to these scientists. Among these scientists, 1127 are doctoral students and 1204 postdoctoral researchers, including 58 directors.
We find that entrepreneurial attractiveness in our sample is generally rather low (Figure 1 The mean values of entrepreneurial attractiveness and of working in the private sector are always higher among Ph.D. students than among 
Model specification
We separately analyze the determinants of scientists' attraction to work in the private sector and their attraction to entrepreneurial activities. and their choices to start up companies.
Results: Determinants of the attractiveness of jobs outside academia
Attractiveness of working in the business sector
The results of the ordered probit models suggest that scientists' perception of commercialization as common in their field of research is positively related to their assessment of the attractiveness of work in the private sector (Table 3) The mean assessment of the attractiveness of work in the private sector by institutional peers is significantly positively related to the individual assessment supporting our hypothesis H2a. However, this result is driven by the subgroup of Ph.D. students while no significant relationship can be found among senior researchers. With regards to commercialization experience, we find that holding a patent has no significant effect on a scientists' assessment of attractiveness of work in the private sector so that hypothesis H3a, which predicted a Robust standard errors, which are adjusted for institutes, are reported in parentheses. The asterisks *, ** and *** report significance at the 10, 5 and 1 percent level, respectively. positive relationship between patenting and scientists' appeal to work in the private sector, is clearly rejected. Prior experience in R&D cooperation has a positive effect in the entire sample as well as within both subgroups. Thereby, our evidence is in support of hypothesis H4a, which stated that cooperation experience with private industry has a positive relationship to scientists' attraction to work in the private sector.
As is already apparent from our descriptive statistics, working in the business sector is more attractive to doctoral students. The effect of the binary variable indicating a doctoral degree is significant at the one percent level. Age has a positive influence on Ph.D. students' attraction to work in the private sector while age is negatively related to senior researchers' appeal to work in the private sector. This corresponds to results of a study by Mangematin (2000) , which finds that the completion of a doctoral thesis is a natural point in time for a change of career tracks. Directors as well as scientists with tenured working contracts find it significantly less attractive to work in the business sector. While gender is not significantly related to the attractiveness of working in the private sector, German doctoral students are found to perceive work in the private sector significantly more appealing than non-German Ph.D. students. This result may well be explained by a self-selection process: Foreign doctoral students decide to move to Germany and work for the Max Planck Society with the aim of pushing their academic career by starting in a 'science powerhouse.' Therefore, these students are less likely than their German counterparts to consider work in the private sector to be attractive. Older Ph.D. students assess working in the private sector as being relatively attractive while this attractiveness decreases with the age of senior scientists. The willingness to take risks has a slightly positive and statistically significant effect on scientists' assessment of the attractiveness of work in the private sector.
Entrepreneurial attractiveness
According to our results, scientists' assessment of entrepreneurial attractiveness is relatively high when working in research fields where commercialization is common (Table 4) While risk-proclivity has the expected positive effect on entrepreneurial Robust standard errors, which are adjusted for institutes, are reported in parantheses. The asterisks *, ** and *** report significance at the 10, 5 and 1 percent level, respectively. Robust standard errors, which are adjusted for institutes, are reported in parantheses. The asterisks *, ** and *** report significance at the 10, 5 and 1 percent level, respectively. attractiveness, we find that females and scientists with German nationality find starting their own firm significantly less appealing than their male and foreign-born counterparts. Scientists with tenured working contracts place the attractiveness of entrepreneurship at a relatively low level.
The determinants of scientists' propensities to take entrepreneurial action and become nascent entrepreneurs (table 5) differ considerably from the factors that affect their assessment of entrepreneurial attractiveness. Note that among doctoral students in the humanities, no nascent entrepreneur is found, so we disregard this variable in the analysis. While the nature of scientists' research and its perceived commercial potential has a robust positive and significant relation to entrepreneurial attractiveness, nascent entrepreneurship seems to be largely independent of the respective research field.
Furthermore, patent activity is shown to be a strong predictor of nascent entrepreneurship but is not related to entrepreneurial attractiveness. Also, individual risk attitude and gender, which have an effect on entrepreneurial attractiveness, do not explain nascent entrepreneurship.
Discussion and Conclusions
The purpose of this study was to identify factors that shape scientists' appeal toward work outside academia. Results indicate that working in the business sector is regarded as attractive or highly attractive by about 40 percent of the scientists in our sample. Among Ph.D. students this share exceeds 50 percent, while less than 30 percent of postdoctoral researchers find it attractive to work in the business sector.
Differences between doctoral students' appeal to work in the private sector are significantly different and robust. Thereby, our results correspond to the findings by Mangematin (2000) and Laafia and Simpson (2001) There is considerable variation in the attractiveness of work in the business sector or of starting one's own firm between the research disciplines. Scholars in natural sciences and in life sciences find it significantly more attractive to work in private sector firms than do researchers in the humanities. More than 40 percent of scientists in life sciences and natural sciences assess working in the business sector as attractive or highly attractive, while this is the case for less than 20 percent of scientists in the humanities. We interpret this evidence as an indication that scientists in the humanities mainly intend to pursue academic careers as they are aware of the relatively low chance of switching to the private sector. For scholars working in the humanities, starting their own firm appears to be considerably less attractive than working in the private sector. Thus, the potential for spin-off activity among scientists is mainly given in natural and life sciences.
Apart from their affiliation to a certain research section, scientists' own assessment on the nature of their research and its commercial potential has a strong influence on scientists' appeal to both work in the business sector and to start their own firm. Scientists' assessment of commercialization as being common in their field of research is positively related to their appeal to work outside academia.
Moreover, the opinion that the research conducted has no commercial potential and that scientific research should be made accessible to anyone interested impedes scientists' attraction toward work in the business sector or toward starting their own firm. With regards to personal characteristics of scientists, our results suggest that tenured working contracts impede the proclivity for job migration. In line with prior research in entrepreneurship, the willingness to take risks is found to have a positive influence on the attraction to start one's own business Forlani and Mullins, 2000) , while female scientists are less likely to find it appealing to start a firm (Stephan and El-Ganainy, 2007; Murray and Graham, 2007) . The longer a scientist has stayed in academia, the less attractive he or she regards private sector employment.
Interestingly, we find some considerable differences between the determinants of entrepreneurial attractiveness and the factor driving nascent entrepreneurship. While patenting of research results is a robust indicator of nascent entrepreneurship, it is not related to Since the data underlying our analysis is just a snapshot taken at a certain point in time, we are unable to analyze the degree to which scientists' higher appeal toward work in the private sector increases the likelihood of future employment in the private sector in later career stages. Moreover, our analysis is based on a sample of scientists whose research is devoted to basic science and research excellence. In order to provide a more complete picture on scientific job flow and scientists' incentives to work in the private sector, we encourage further similar studies in other research settings. Such additional studies could provide important support for the design of policies aiming to support knowledge transfer.
